Objective: Uncontrolled diabetes has become a major cause of mortality and morbidity by reason of vascular angiopathy. The aim of this study was to evaluate the concentrations of soluble forms of vascular adhesion molecule-1 (sVCAM-1), intercellular adhesion molecule-1 (sICAM-1), E-selectin, and thrombomodulin in patients with well-controlled and uncontrolled diabetes type 2. Methods: The study was conducted on 62 patients with diabetes. Group I consisted of 35 patients with well-controlled diabetes. The second group included 27 patients with uncontrolled diabetes with micro-albuminuria. A control group was made up of 25 healthy volunteers. The concentrations of sVCAM-1, sICAM-1, sE-selectin, and soluble thrombomodulin were assayed in plasma. Serum concentration of creatinine was measured and the plasma concentrations of fasting glucose and glycated hemoglobin (HbA1c) determined. Results: Lower concentrations of ICAM-1 were found in the group of uncontrolled diabetes patients compared with those with well-controlled disease. In patients with uncontrolled diabetes, VCAM-1 levels were significantly higher compared with the group with well-controlled diabetes. In patients with uncontrolled diabetes a positive correlation was obtained between glomerular filtration rate and sE-selectin and a negative correlation between the levels of creatinine and ICAM-1, although there was a positive correlation between (HbA1c) and ICAM-1. Conclusions: The study confirmed the participation of the inflammatory process associated with impaired vascular endothelial function in the pathogenesis of type 2 diabetes. The opposite effect of uncontrolled hyperglycemia on adhesion molecules suggests different functions of VCAM-1 and ICAM-1 in complications of diabetes.
Introduction
A properly functioning endothelium inhibits the adhesion of platelets and leukocytes to the surface of the vessel wall while maintaining a balance between pro-inflammatory, anti-inflammatory, pro-coagulant and anti-coagulant activity. Endothelial cells also produce specific adhesion molecules, which play an important role in the regulation of inflammation and which include vascular adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-1), and leukocyte adhesion molecule (Hadi and Suwaidi, 2007) . However, one of the most sensitive and specific markers of endothelial damage is thrombomodulin (TM), an integral transmembrane glycoprotein. TM is an important protein with vasoprotective properties acting as an inhibitor of thrombin, which loses prothrombotic properties when bound to TM (Głowińska-Olszewska et al., 2007) .
Vascular endothelial damage is a major cause of vascular complications in diabetes (Hadi and Suwaidi, 2007) . Hyperglycemia is an important factor, which leads to vascular changes. In the state of hyperglycemia, glucose molecules are non-enzymatically coupled with the lateral chains of lysine in proteins (the process of protein glycation). Glycated proteins have a strong affinity to immunoglobulins or complement components activating the process of inflammation, which damages the vessel wall (Szmit and Opolski, 2006; Hadi and Suwaidi, 2007) . Another phenomenon, which plays an important role in vascular remodeling, is oxidative stress such as the overproduction of reactive oxygen species stimulated by lipid abnormalities, pro-inflammatory cytokines, and the activation of the renin angiotensin system (Żukowska-Szczechowska and Wystrychowski, 2007) .
Diabetic kidney disease is a complication of diabetes, both types 1 and 2, which may develop in 20%-30% of patients with diabetes. The number of patients treated with renal replacement therapy due to diabetic nephropathy has increased significantly in recent years. This includes patients with nephropathy, especially in the course of type 2 diabetes. Diabetic nephropathy is characterized by overt proteinuria in patients with type 1 or 2 diabetes with the absence of other kidney diseases. It is recognized when vascular, post-inflammatory changes, diffuse nodular or less frequently exudative glomerulosclerosis and hyalinizing alterations are observed in the blood vessels along with gradual reduction in glomerular filtration rate (GFR) (Szmit and Opolski, 2006; Głowińska and Małyszko, 2008) .
In the course of diabetes changes occur in the concentration of several markers of endothelial damage, such as increased levels of von Willebrand factor, TM, sE-selectin, tissue plasminogen activator, and adhesion molecules ICAM-1 and VCAM-1. Increased concentration of ICAM-1 is associated with an increased risk of type 2 diabetes (Hadi and Suwaidi, 2007) . Fluctuations in the concentration of adhesion molecules may be a useful indicator of the development of atherosclerotic plaques from the early phase in diabetic patients since E-selectin, VCAM-1, and ICAM-1 facilitate the adhesion of leukocytes to endothelium (Pupek-Musialik et al., 2005; Hadi and Suwaidi, 2007; Lu et al., 2011) .
The aim of this study was to evaluate the concentrations of selected inflammatory markers associated with vascular endothelium: soluble forms of VCAM-1 (sVCAM-1), ICAM-1 (sICAM-1), E-selectin (sE-selectin), and TM (sTM) in patients with wellcontrolled type 2 diabetes and uncontrolled diabetes with micro-albuminuria.
Materials and methods
The study was performed on 62 patients with type 2 diabetes under the care of the Endocrinology and Diabetology Clinic of the A. Jurasz University Hospital, Poland. The first group (I) consisted of 35 patients with well-controlled type 2 diabetes (17 females aged 47-75 years (mean age 63 years) and 18 males aged 46-79 years (mean age 64 years)). The diabetic compensation criterion in group I consisted of glycated hemoglobin (HbA1c) ≤48 mmol/mol (≤6.5%) and no vascular complications, assessed by determining the concentration of albumin in the urine (to exclude diabetic kidney disease), an eye examination (to exclude the presence of diabetic retinopathy), as well as no symptoms of ischemic heart disease, no symptoms of lower limb ischemia (measured by testing the pressure of the arteries of the lower limbs to calculate the ankle-brachial index: selected patients had an index of 0.90-1.15), and no diabetic foot syndrome. The second group (II) covered 27 patients with uncontrolled type 2 diabetes with micro-albuminuria (10 females aged 46-72 years (mean age 62 years) and 17 males aged 48-74 years (mean age 63 years)). The qualification criterion of patients for the study was HbA1c ≥ 59 mmol/mol (≥7.5%) and identifying considerable albuminuria in two of three measures after bacteriological urine examination and exclusion of inflammation or overt proteinuria. In these patients, GFR was 40-60 ml/min per 1.73 m 2 . GFR was calculated according to the modification of diet in the renal disease equation.
The medical history included the general conditions of the patients and the occurrence of co-existing diseases. All the patients received anti-hyperglycemic treatment: insulin, metformin, and sulfonylureaderivatives, depending on the indication, and all the patients have also received statins and angiotensinconverting-enzyme inhibitor drugs.
The control group consisted of 25 healthy volunteers (12 females and 13 males, mean age 52 years).
Informed consent was obtained from all patients. The research was approved by the Bioethics Committee of Collegium Medicum in Bydgoszcz, the Nicolaus Copernicus University in Torun (No. KB 366/2006), Poland.
Venous blood (4.5 ml) for tests of sVCAM-1, sICAM-1, sTM, and sE-selectin was collected in a fasting state into cooled tubes (Becton Dickinson Vacutainer ® System, Plymouth, UK) containing 0.13 mol/L trisodium citrate after a 30-min rest between 7:30 a.m. and 9:30 a.m. and after a 12-h overnight fast. The blood samples were immediately mixed and centrifuged at 3000g at 4 °C for 20 min. The platelet-poor plasma was divided into 200 µl Eppendorf-type tubes and the samples were then frozen at −86 °C (according to the manufacturer's procedures) until assayed within six months.
To determine concentration of creatinine, blood was collected in a 4.5-ml tube without anticoagulant. It was centrifuged at 3000g for 20 min at 4 °C and subjected to further analytical procedure. To measure fasting glucose, blood was collected in a 4.5-ml tube with sodium fluoride ethylenediaminetetraacetic acid (EDTA). The plasma was centrifuged at 2000g for 10 min at 4 °C and subjected to further analytical procedure. In addition, 4.5 ml of blood was collected into tubes with sodium EDTA in order to determine the level of HbA1c, and obtained plasma was directly subjected to further analytical procedure.
The concentrations of sVCAM-1 and sICAM-1 were assayed using the test (Human sVCAM-1 and Human sICAM-1, respectively) provided by Bender MedSystems GmbH (Vienna, Austria). The sTM concentration was measured with the test provided by sTM IMUBIND ® Thrombomodulin (American Diagnostica Inc., Stamford, USA), and sE-selectin concentrations using the test Human sE-selectin provided by Bender MedSystems GmbH (Vienna, Austria). The principle of all the methods was based on enzyme-linked immune sorbent assay (ELISA).
The parameters of fasting glucose, creatinine, and HbA1c test were determined using the Abbott Clinical Chemistry Analyzer ® Architect c8000. Enzymatic and immunoturbidimetric methods were used to measure the concentrations of fasting glucose, creatinine, and HbA1c, respectively.
The statistical analysis was performed with Statistica 10.0 software (StatSoft ® , Cracow, Poland). The Shapiro-Wilk test was used to assess the normality of the distribution. The variables show a different distribution from normal, and thus the median, lower quartile (Q1), and upper quartile (Q3) were used. To identify the significance of the differences between the groups, analysis of variance (ANOVA) Kruskal-Wallis post hoc test was used. To assess the correlation between the parameters, the Pearson correlation coefficient was used. The P-values of <0.05 were considered significant.
Results
Clinical specific features of the patients with well-controlled type 2 diabetes and uncontrolled diabetes are showed in Table 1 . Table 2 shows the markers of inflammation and endothelial damage analyzed in the patients with well-controlled type 2 diabetes (Group I), patients with uncontrolled diabetes with micro-albuminuria (Group II), and the control group (Group III). In the patients with type 2 diabetes, higher levels of sICAM-1 were recorded than in the control group; the differences were significant (Group I, P=0.000002; Group II, P=0.0021). Significantly higher concentrations of sICAM-1 were found in Group I, compared with Group II (P=0.0118). In both groups of patients with diabetes, sVCAM-1 levels were higher, compared with the control group (Group I, P=0.0281; Group II, P=0.0001). However, in the patients of Group I, sVCAM-1 levels were significantly lower compared with Group II (P=0.0375). The concentrations of sE-selectin were higher in both groups of diabetic 
000001).
In the patients of Group II, the concentrations of sE-selectin and sTM were significantly higher than in the diabetic patients of Group I (P=0.00001 and P=0.0004, respectively). Table 3 shows the correlations between selected parameters. We have found a significant positive correlation between the concentration of sE-selectin and GFR in patients of Group II (P=0.008), negative correlation between the levels of creatinine and sICAM-1 (P=0.048), but positive correlation between HbA1c and sICAM-1 (P=0.044).
Discussion
The dysfunction of vascular endothelium plays an important role in the potential pathogenesis of the chronic microvascular complications in the kidneys in patients with or without diabetes mellitus with simultaneous micro-albuminuria. Endothelial dysfunction markers, such as the sVCAM-1, sICAM-1, von Willebrand factor, and microvascular hyper-reactivity, are observed in patients with type 2 diabetes even before the occurrence of micro-albuminuria (Karalliedde and Gnudi, 2011) . The increase in the concentrations of sVCAM-1 and sICAM-1 reflects the degree of endothelial damage and the progression of diabetic nephropathy in the course of diabetes type 1 and 2 (Empen et al., 2003; Lu et al., 2011) .
The present study showed that in type 2 diabetes, there occur higher levels of sICAM-1, sE-selectin, and sVCAM-1. In the patients of Group II noted higher levels of sVCAM-1, sE-selectin, and sTM but lower sICAM-1 concentration compared with the patients of Group I.
In the study reported by Pupek-Musialik et al. (2005) a group of 38 obese patients with metabolic syndrome and hyperglycemia had significantly higher levels of ICAM-1, compared with a control group. Also, Bruno et al. (2008) studying a group of 49 patients with type 2 diabetes (21 with normoalbuminuria, 28 with micro-albuminuria) reported that the concentrations of sICAM-1 and sVCAM-1 were higher than in the control group. Guler et al. (2002) studying 93 patients with type 2 diabetes (50 with diabetic nephropathy and 43 without nephropathy) found higher mean levels of sICAM-1 in the patients with diabetic nephropathy, compared with the patients without nephropathy. Lu et al. (2011) , investigating a group of 72 patients with type 2 diabetes, including 30 with diabetic nephropathy, obtained significantly higher levels of sICAM-1 in the patients with diabetic nephropathy, compared with the control group. However, no differences were observed in comparison with the group of the patients without nephropathy. According to Luis-Rodriguez et al. (2012) , renal expression of ICAM-1 increased in the course of diabetic nephropathy and is associated with the progression of renal damage. They claim that this can suggest that modulation of the level of ICAM-1 by reducing its expression or blocking the receptor activating it can be related to the effects of the therapy in diabetic nephropathy. However, Mizia-Stec et al. (2003) did not observe any significant differences in the concentrations of adhesion molecules, ICAM-1 and VCAM-1, in the patients with diabetes, compared with controls. Nevertheless, Stehouwera et al. (2002) showed higher level of VCAM-1 in patients with type 2 diabetes accompanied by overt micro-albuminuria. Similar results were reported in the patients with diabetic nephropathy by Marcos et al. (2001) . However, antioxidant therapy with vitamin C and E led to a substantial reduction in its concentration in the blood of patients with diabetes. Significantly higher concentrations of sVCAM-1 in patients with diabetic nephropathy, compared with the control group and the group of diabetic patients without nephropathy, were noted by Lu et al. (2011) .
The ambiguous results regarding, in particular, the concentrations of sVCAM-1 and sICAM-1 in patients with type 2 diabetes mellitus with microalbuminuria and without associated vascular complications are difficult to explain on the basis of the present results, yet one may assume that they can be due to the treatment of patients with insulin and other drugs. However, on the basis of data from the literature, it can be concluded that the level of adhesion molecules increases in obstructed kidneys at a different time. ICAM expression increases very rapidly at about the 3rd hour and remains high at around 90 d after obstruction, while the level of VCAM increases 2-3 d after obstruction (Grande et al., 2010) .
The resulting positive correlation between GFR and the level of sE-selectin can be an excellent progression indicator for patients with micro-albuminuria since high levels of sE-selectin, as a marker of activated inflammatory process and hyperfiltration (increase of GFR), will lead to the simultaneous deterioration of kidney function and in consequence to diabetic nephropathy. Moreover, in this study, it is interesting that there is a positive correlation between the levels of HbA1c and sICAM-1 but a negative correlation between the levels of creatinine and sICAM-1. On this basis, it can be assumed that there is a level of pro-inflammatory molecules which are essential for proper control of glycemia.
In diabetes types 1 and 2 in response to hyperglycemia, the activity of Ca 2+ -dependent calpainprotein increases. The inhibition of calpain activity decreases the expression of pro-inflammatory adhesion molecules, ICAM and VCAM, on the endothelial surface during hyperglycemia (Stalker et al., 2003) . In addition, the inhibition of protein kinase reduces the interaction between leukocytes and the vascular endothelium through the suppression of endothelial cell surface expression in response to oxidative stress (Booth et al., 2002) . Perhaps those key reactions, which result in inhibition, can lead to reduction of the inflammatory process in the kidney glomerulus.
E-selectin is considered a factor indicating the activation of vascular endothelial cells; its expression is observed on inflamed endothelial cells in response to pro-inflammatory cytokines (Empen et al., 2003) . In the present study, higher levels of sE-selectin were recorded in diabetic patients compared with controls. Similarly, Mizia-Stec et al. (2003) noted significantly higher levels of sE-selectin in the patients with type 2 diabetes, compared with controls. In the case-cohort study by the Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA)/Cooperative research, men and women with elevated levels of sE-selectin demonstrated a significantly higher risk of type 2 diabetes after multivariate changes (Thorand et al., 2006) . The increase in sE-selectin concentrations found during our study in patients with well-controlled type 2 diabetes and with uncontrolled diabetes proves endothelial activation, which seems to be related to the inflammation on the surface of the endothelium.
In the present study, sTM levels were higher in patients with uncontrolled diabetes compared with the patients with well-controlled diabetes. A review of the literature suggests that the plasma concentration of sTM considerably increased during diabetes types 1 and 2 and in patients with extensive damage of the vascular endothelium in atherosclerosis, ischemic heart disease, disseminated intravascular coagulation, chronic renal failure, liver diseases, malaria, sepsis, and multiple organ injury or Graves' disease (Nadar et al., 2004) . Marcos et al. (2001) , studying a group of 49 patients with diabetes (34 with type 1 and 15 with type 2), observed an increase in plasma level of sTM during an 18-month follow-up. Furthermore, a significant increase in the concentration of albumin in the urine was reported in this group, again after 18 months of follow-up, which could indicate damage to the glomerular structure under the influence of hyperglycemia-induced oxidative stress, and this is considered the primary factor leading to the development of diabetic nephropathy. In the present study, increased levels of sTM were observed in patients with uncontrolled glycemia with micro-albuminuria, showing that hyperglycemia, ongoing inflammation, and oxidative stress may intensify the process of endothelial cell activation, which results in the disconnection of a fragment of supra-epithelial TM receptor and an increase in the soluble fraction of TM in the blood.
Conclusions
The study confirmed the participation of the inflammatory process associated with impaired vascular endothelial function in the pathogenesis of type 2 diabetes. The increase in sE-selectin concentrations found in our study in patients with well-controlled type 2 diabetes and with uncontrolled diabetes proves endothelial activation, which seems to be related to inflammation on the surface of the endothelium. Moreover, the opposite effect of uncontrolled hyperglycemia on adhesion molecules suggests different functions of VCAM-1 and ICAM-1 in complications of diabetes.
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